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RAPIDAN RIVER BASIN  RAPIDAN RIVER BASIN  

BACTERIABACTERIA

TMDL DEVELOPMENTTMDL DEVELOPMENT
Virginia Department of Environmental QualityVirginia Department of Environmental Quality

RappahannockRappahannock--Rapidan Regional CommissionRapidan Regional Commission

Engineering Concepts, Inc.Engineering Concepts, Inc.

TECHNICAL ADVISORY MEETING TECHNICAL ADVISORY MEETING 

July 27, 2006July 27, 2006

MODEL REGIONSMODEL REGIONS

WATERSHED WITHIN COUNTIESWATERSHED WITHIN COUNTIES

5513,90013,900267,200267,200SpotsylvaniaSpotsylvania

9999168,800168,800169,900169,900RappahannockRappahannock

5757124,600124,600218,900218,900OrangeOrange

454592,00092,000205,200205,200MadisonMadison

414141,60041,600101,300101,300GreeneGreene

3636152,500152,500418,000418,000FauquierFauquier

6868166,500166,500245,700245,700CulpeperCulpeper

113,0003,000463,100463,100AlbemarleAlbemarle

% of County in% of County in

WatershedWatershed

Watershed Watershed 

Acreage inAcreage in

CountyCounty

County      County      

TotalTotal

AcreageAcreageCountyCounty

TMDL DEVELOPMENT PROCESSTMDL DEVELOPMENT PROCESS

WATERSHED HISTORYWATERSHED HISTORY

�� Characterize watershed and identify critical Characterize watershed and identify critical 

contamination conditionscontamination conditions

SOURCE ASSESSMENTSOURCE ASSESSMENT

�� Identify and quantify pollutant sourcesIdentify and quantify pollutant sources

MODELINGMODELING

�� Link pollutant sources to stream water qualityLink pollutant sources to stream water quality

ALLOCATIONALLOCATION

�� Develop and evaluate allocation scenarios Develop and evaluate allocation scenarios 

WATERSHED HISTORYWATERSHED HISTORY

Characterize watershedCharacterize watershed
�� SizeSize

�� Land useLand use

�� SlopeSlope

�� Soils and geologySoils and geology

�� Stream channel dimensionStream channel dimension

Identify critical contamination conditionsIdentify critical contamination conditions
�� Timeseries of bacteria concentrationTimeseries of bacteria concentration

�� SeasonalitySeasonality

�� Bacteria concentration versus flowBacteria concentration versus flow

WATERSHED CHARACTERISTICSWATERSHED CHARACTERISTICS

1175751123231717Marsh Run  Marsh Run  

(VAN(VAN--E13RE13R--03)03)

Land useLand use

3636

5555

5252

3636

4141

AgriculturalAgricultural

(%)(%)

11

11

11

11

22

ResidentialResidential

(%)(%)

116262245245Rapidan River Rapidan River 

(VAN(VAN--E13RE13R--02)02)

2255553333Blue Run    Blue Run    

(VAN(VAN--E13RE13R--01)01)

116262240240Rapidan River Rapidan River 

(VAN(VAN--E18RE18R--01)01)

1143432828Cedar Run  Cedar Run  

(VAN(VAN--E16RE16R--01)01)

22454522UT to Rapidan UT to Rapidan 

(VAN(VAN--E13RE13R--04)04)

WaterWater

(%)(%)

ForestForest

(%)(%)

Drainage Drainage 

SizeSize

(sq. mi.)(sq. mi.)

ImpairmentImpairment



2

BACTERIA TIMESERIESBACTERIA TIMESERIES BACTERIA SEASONALITYBACTERIA SEASONALITY

BACTERIA VS. FLOWBACTERIA VS. FLOW SOURCE ASSESSMENTSOURCE ASSESSMENT

ChickenChicken

Sanitary SewerSanitary Sewer

DucksDucks

GeeseGeese

TurkeysTurkeys

BeaversBeavers

MuskratsMuskrats

RaccoonRaccoon

DeerDeer

WildlifeWildlife

TurkeyTurkey

SheepSheep

HorsesHorses

Dairy & Beef CattleDairy & Beef Cattle

AgriculturalAgricultural

Dogs / CatsDogs / Cats

Biosolids ApplicationsBiosolids Applications

Failing Septic SystemsFailing Septic Systems

Straight PipesStraight Pipes

Permitted DischargesPermitted Discharges

Human and PetsHuman and Pets

Source / Animal TypeSource / Animal TypeSource CategorySource Category

PERMITTED POINT SOURCESPERMITTED POINT SOURCES

Virginia Pollution Discharge Elimination SystemVirginia Pollution Discharge Elimination System

�� Types Types 
Municipal, industrial, generalMunicipal, industrial, general

Municipal separate storm sewer systems (MS4)Municipal separate storm sewer systems (MS4)

�� Categories Categories –– major, minor, generalmajor, minor, general

PERMITTED DISCHARGESPERMITTED DISCHARGES

N/AN/A000

Marsh Run Marsh Run 

(VAN(VAN--E13RE13R--03)03)

0.2000.0011010Cedar Run Cedar Run 

(VAN(VAN--E16RE16R--01)01)

Design  Flow (MGD)Facility Type

2.0000.0012723Rapidan River Rapidan River 

(VAN(VAN--E18RE18R--01)01)

N/AN/A000UT to Rapidan River UT to Rapidan River 

(VAN(VAN--E13RE13R--04)04)

1.5000.001124Rapidan River Rapidan River 

(VAN(VAN--E13RE13R--02)02)

N/AN/A000Blue Run Blue Run 

(VAN(VAN--E13RE13R--01)01)

MaximumMinimumGeneralIndustrialMunicipal
Impairment
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HUMAN SOURCESHUMAN SOURCES

Sanitary sewerSanitary sewer
�� Loading type Loading type 

Overflows & exfiltrationOverflows & exfiltration

�� Age, size, material of pipesAge, size, material of pipes

�� LandLand--applied / direct depositionapplied / direct deposition
Loading typeLoading type

Proximity to streamProximity to stream

Population, houses, onsite treatment system based Population, houses, onsite treatment system based 

on U.S. Census Bureau, municipality, & Eon U.S. Census Bureau, municipality, & E--911 data 911 data 

HUMAN SOURCESHUMAN SOURCES

Failed septic systemsFailed septic systems
�� Failure to soil  surface throughout yearFailure to soil  surface throughout year

�� Failure rate based on age of homeFailure rate based on age of home

Straight pipesStraight pipes
�� Direct continuous input to streamDirect continuous input to stream

�� Based on proximity to stream and Based on proximity to stream and 
house agehouse age

Biosolids applicationsBiosolids applications
�� Records kept by Virginia Department of Records kept by Virginia Department of 

HealthHealth

�� LandLand--appliedapplied

Failed Septic SystemFailed Septic System

Straight PipeStraight Pipe

PET SOURCESPET SOURCES

American Veterinary Medical Association estimates American Veterinary Medical Association estimates 

0.53 dogs and 0.60 cats per household0.53 dogs and 0.60 cats per household

Potentially updated through veterinarians, animal Potentially updated through veterinarians, animal 

control, treasurer, and residentscontrol, treasurer, and residents

Population = population density * housesPopulation = population density * houses

LandLand--appliedapplied

HUMAN AND PET SOURCESHUMAN AND PET SOURCES

2702702382384494491,1651,165Marsh Run       Marsh Run       

(VAN(VAN--E13RE13R--03)03)

4,1984,1983,7083,7086,9976,99721,82021,820Rapidan River    Rapidan River    

(VAN(VAN--E18RE18R--01)01)

2832832502504714712,0662,066Cedar Run       Cedar Run       

(VAN(VAN--E16RE16R--01)01)

86867676143143354354UT to Rapidan River UT to Rapidan River 

(VAN(VAN--E13RE13R--04)04)

3,9373,9373,4783,4786,5626,56217,39317,393Rapidan River  Rapidan River  

(VAN(VAN--E13RE13R--02)02)

6746745955951,1231,1232,7472,747Blue Run          Blue Run          

(VAN(VAN--E13RE13R--01)01)

CatsCats

(#)(#)
DogsDogs

(#)(#)
Housing UnitHousing Unit

(#)(#)
Human Pop.Human Pop.

(#)(#)ImpairmentImpairment

LIVESTOCK SOURCESLIVESTOCK SOURCES

PopulationPopulation
�� Virginia Agricultural StatisticsVirginia Agricultural Statistics

�� Confined Animal Feeding Operation Confined Animal Feeding Operation 

�� Consultation with SWCD, VADCR, Consultation with SWCD, VADCR, 
VCE, NRCS, and producersVCE, NRCS, and producers

�� Windshield survey Windshield survey 

Distribution of wasteDistribution of waste
�� Confined: waste collected and spreadConfined: waste collected and spread

�� Pastured: landPastured: land--appliedapplied

�� Stream access: direct depositionStream access: direct deposition
�� Imported sourcesImported sources

Seasonal varying applicationsSeasonal varying applications

LIVESTOCK SOURCESLIVESTOCK SOURCES

0000141415815800234234Marsh Run          Marsh Run          

(VAN(VAN--E13RE13R--03)03)

000024245285286956951,2541,254Cedar Run           Cedar Run           

(VAN(VAN--E16RE16R--01)01)

53,50053,500

00

55,00055,000

00

TurkeyTurkey

(#)(#)

24,00024,000

00

00

00

ChickenChicken

(#)(#)

3,0133,013

5959

3,1253,125

466466

HorseHorse

(#)(#)

274274

44

266266

5959

SheepSheep

(#)(#)

2,6352,6355,9735,973Rapidan River     Rapidan River     

(VAN(VAN--E18RE18R--01)01)

007878UT to Rapidan River UT to Rapidan River 

(VAN(VAN--E13RE13R--04)04)

2,5802,5805,6345,634Rapidan River     Rapidan River     

(VAN(VAN--E13RE13R--02)02)

00844844Blue Run             Blue Run             

(VAN(VAN--E13RE13R--01)01)

DairyDairy++

(#)(#)
Beef*Beef*

(#)(#)ImpairmentImpairment

* Cow/calf pairs; + Milking herd
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WILDLIFE SOURCESWILDLIFE SOURCES

Populations based on habitat and population Populations based on habitat and population 

densities provided by Virginia Department of densities provided by Virginia Department of 

Game and Inland Fisheries biologistsGame and Inland Fisheries biologists

Distribution of waste based on habitatDistribution of waste based on habitat

�� LandLand--appliedapplied

�� Direct deposition to streamDirect deposition to stream

Seasonal variations based on migration patterns Seasonal variations based on migration patterns 

and food sourcesand food sources

WILDLIFE SOURCESWILDLIFE SOURCES

5151232365655151747747447447443443Marsh Run       Marsh Run       

(VAN(VAN--E13RE13R--03)03)

55955934034090090063663611,50211,5025,7595,7596,1626,162Rapidan River    Rapidan River    

(VAN(VAN--E18RE18R--01)01)

36364646969661611,9081,908553553816816Cedar Run       Cedar Run       

(VAN(VAN--E16RE16R--01)01)

5533996627927955556868UT to Rapidan River UT to Rapidan River 

(VAN(VAN--E13RE13R--04)04)

55655635735790390363163113,64813,6485,6665,6666,6706,670Rapidan River  Rapidan River  

(VAN(VAN--E13RE13R--02)02)

7272444412612694944,9234,923844844804804Blue Run          Blue Run          

(VAN(VAN--E13RE13R--01)01)

TurkeyTurkey

(#)(#)
DuckDuck

(#)(#)
GeeseGeese

(#)(#)
BeaverBeaver

(#)(#)
MuskratMuskrat

(#)(#)
RaccoonRaccoon

(#)(#)
DeerDeer

(#)(#)ImpairmentImpairment

MODELINGMODELING

Link pollutant sources to stream water qualityLink pollutant sources to stream water quality

Mathematically represent processes that are Mathematically represent processes that are 
occurring in the watershedoccurring in the watershed

ProcessesProcesses
�� Hydrology Hydrology –– water balancewater balance

�� Water quality Water quality -- pollutant fate and transportpollutant fate and transport

Accuracy EvaluationAccuracy Evaluation
�� Based on observed dataBased on observed data

Flow: USGS gauge = model outputFlow: USGS gauge = model output

Bacteria: VADEQ station = model outputBacteria: VADEQ station = model output

MODELINGMODELING

Hydrologic Simulation Program Hydrologic Simulation Program -- FortranFortran

�� Developed by USGSDeveloped by USGS

�� Simulates point and nonSimulates point and non--point sourcespoint sources

�� Temporal variations in pollutant loadingsTemporal variations in pollutant loadings

�� Seasonal patterns in climatic dataSeasonal patterns in climatic data

HYDROLOGIC MODELINGHYDROLOGIC MODELING

interflo
w

HYDROLOGIC MODELING HYDROLOGIC MODELING 

COMPONENTSCOMPONENTS

Land useLand use

Climatic dataClimatic data

TopographyTopography

Soils Soils 

Stream channel characteristicsStream channel characteristics

Point source discharge / withdrawalPoint source discharge / withdrawal

Flow dataFlow data
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NCDC PRECIPITATION STATIONSNCDC PRECIPITATION STATIONS

HourlyOrangePiedmont Research St446712

HourlyCulpeperCulpeper Riverside CG442159

DailySpotsylvaniaFredricksburg Natl Pk443192

DailyOrangeSomerset447904

DailyOrangeGordonsville FAA AP443462

DailyOrangeLake of the Woods444692

DailyMadisonMadison445150

DailyMadisonBig Meadows440720

DailyLouisaLouisa445050

DailyLouisaGordonsville 3 S443466

DailyCulpeperBoston 4 SE440860

DailyCulpeperCulpeper442155

TimestepCountyStation NameCOOPID

USGS GAUGING STATIONSUSGS GAUGING STATIONS

62009/200310/1942Rappahannock R. at Remington01664000

28709/200308/1942Hazel River at Rixeyville01663500

47209/200310/1930Rapidan River near Culpeper01667500

11409/200310/1942Rapidan River near Ruckersville01665500

(sq. mi.)ToFrom

Drainage 
Area

Data AvailableSite NameSite Number

2904/199210/1989Mountain Run near Burr Hill01667870

17909/200307/1943Robinson River near Locust Dale01666500

2809/200305/1958Battle Run near Laurel Mills01662800

WATER QUALITY MODELINGWATER QUALITY MODELING

interflo
w

WATER QUALITY MODELING WATER QUALITY MODELING 

COMPONENTSCOMPONENTS

SourcesSources

�� Fecal productionFecal production

�� Fecal coliform densitiesFecal coliform densities

�� Fecal coliform distributionFecal coliform distribution

Delivery mechanismsDelivery mechanisms

�� DirectDirect

�� LandLand--appliedapplied

Temporal variationTemporal variation

DEQ MONITORING STATIONSDEQ MONITORING STATIONS

33--MAS001.55MAS001.55Marsh Run (VANMarsh Run (VAN--E13RE13R--03)03)

33--RAP006.53RAP006.53Rapidan River (VANRapidan River (VAN--E18RE18R--01)01)

33--CED000.59CED000.59Cedar Run (VANCedar Run (VAN--E16RE16R--01)01)

33--XEZ000.12XEZ000.12UT to Rapidan River (VANUT to Rapidan River (VAN--E13RE13R--04)04)

33--RAP045.08RAP045.08Rapidan River (VANRapidan River (VAN--E13RE13R--02)02)

33--BLU002.60BLU002.60Blue Run (VANBlue Run (VAN--E13RE13R--01)01)

DEQ StationDEQ StationImpairmentImpairment

ALLOCATIONALLOCATION

1.1. Calculate existing loads for all sourcesCalculate existing loads for all sources

2.2. Create load reductions scenarios controlling Create load reductions scenarios controlling 
anthropogenic sources firstanthropogenic sources first

3.3. Run model with scenariosRun model with scenarios

4.4. Calculate water quality standard (WQS) Calculate water quality standard (WQS) 
violation rateviolation rate

5.5. Select scenario with 0% WQS violation rateSelect scenario with 0% WQS violation rate

6.6. Calculate allocation loads for all sourcesCalculate allocation loads for all sources
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EXAMPLE ALLOCATIONEXAMPLE ALLOCATION

9.99E+159.99E+15TotalTotal

2.95E+142.95E+14ForestForest

9.53E+159.53E+15PasturePasture

1.16E+131.16E+13CroplandCropland

1.61E+141.61E+14ResidentialResidential

LandLand--basedbased

1.58E+141.58E+14TotalTotal

5.93E+135.93E+13WildlifeWildlife

1.76E+121.76E+12LivestockLivestock

8.09E+138.09E+13Straight PipesStraight Pipes

Direct DepositionDirect Deposition

Existing Condition Existing Condition 

LoadLoad

(cfu/yr)(cfu/yr)SourceSource

EXAMPLE ALLOCATION SCENARIOSEXAMPLE ALLOCATION SCENARIOS

0000005050505050500010010010010033

101000002525252525250010010010010022

34345050000000007575757510010011

353575750000000000000000

InstantaneousInstantaneousGeometric Geometric 
MeanMean

ForestForestResidentialResidentialPasturePastureCroplandCroplandWildlife Wildlife 
DDDD

Livestock Livestock 
DDDD

Straight Straight 
PipesPipes

% Violation of % Violation of E. coliE. coli

StandardStandard
Percent Reduction in Fecal Coliform Loading From Existing ConditPercent Reduction in Fecal Coliform Loading From Existing Conditionsions

Scenario Scenario 

NumberNumber

EXAMPLE ALLOCATIONEXAMPLE ALLOCATION

9.99E+159.99E+15TotalTotal

2.95E+142.95E+14ForestForest

9.53E+159.53E+15PasturePasture

1.16E+131.16E+13CroplandCropland

1.61E+141.61E+14ResidentialResidential

LandLand--basedbased

1.58E+141.58E+14TotalTotal

5.93E+135.93E+13WildlifeWildlife

1.76E+121.76E+12LivestockLivestock

8.09E+138.09E+13Straight PipesStraight Pipes

Direct DepositionDirect Deposition

Existing Existing 

Condition Condition 
LoadLoad

(cfu/yr)(cfu/yr)SourceSource

00

5050

5050

5050

00

100100

100100

Scenario 3 Scenario 3 

ReductionReduction

(%)(%)

5.15E+155.15E+15TotalTotal

2.95E+142.95E+14ForestForest

4.77E+154.77E+15PasturePasture

5.80E+125.80E+12CroplandCropland

8.05E+138.05E+13ResidentialResidential

LandLand--basedbased

5.93E+135.93E+13TotalTotal

5.93E+135.93E+13WildlifeWildlife

0.00E+000.00E+00LivestockLivestock

0.00E+000.00E+00Straight PipesStraight Pipes

Direct DepositionDirect Deposition

Allocation Allocation 

Condition Condition 
LoadLoad

(cfu/yr)(cfu/yr)SourceSource

X =

EXAMPLE EXISTING CONDITIONSEXAMPLE EXISTING CONDITIONS
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EXAMPLE ALLOCATION CONDITIONSEXAMPLE ALLOCATION CONDITIONS
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TIMELINETIMELINE
�� POLLUTANT SOURCE INVENTORYPOLLUTANT SOURCE INVENTORY

�� Revisions based on feedbackRevisions based on feedback
�� OnOn--site sewage disposal systemssite sewage disposal systems
�� Biosolids applicationsBiosolids applications

FIRST PUBLIC MEETINGFIRST PUBLIC MEETING

Presentation of watershed history and pollutant source inventoryPresentation of watershed history and pollutant source inventory

�� MODELINGMODELING
�� Hydrology calibration and validationHydrology calibration and validation
�� Water quality calibration and validationWater quality calibration and validation

SECOND TAC MEETINGSECOND TAC MEETING

Presentation of modeling results and revisions to pollutant sourPresentation of modeling results and revisions to pollutant source inventoryce inventory

�� ALLOCATION DEVELOPMENTALLOCATION DEVELOPMENT
�� Scenario development, assessment of scenarios, selection of alloScenario development, assessment of scenarios, selection of allocationcation

THIRD TAC MEETINGTHIRD TAC MEETING

Presentation of allocation scenariosPresentation of allocation scenarios

FINAL PUBLIC MEETINGFINAL PUBLIC MEETING

Presentation of model results, allocation scenarios, and draft TPresentation of model results, allocation scenarios, and draft TMDL documentMDL document



7

FOR INFORMATION, CONTACT:FOR INFORMATION, CONTACT:

Katie ConawayKatie Conaway

VADEQ Northern Virginia Regional OfficeVADEQ Northern Virginia Regional Office

(703) 583(703) 583––38043804

mkconaway@deq.virginia.govmkconaway@deq.virginia.gov

Chris ContiChris Conti

RappahannockRappahannock--Rapidan Regional  CommissionRapidan Regional  Commission

(540) 829(540) 829––74507450

clconti@rrregion.orgclconti@rrregion.org

Byron PetrauskasByron Petrauskas

Engineering Concepts, Inc.Engineering Concepts, Inc.

(540) 473(540) 473––12531253

bpetrauskas@engineeringconcepts.combpetrauskas@engineeringconcepts.com


